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Abstract: Capillary electrophoresis (CE) is a very powerful analytical technique, consuming very small quantities
of samples and solvents. Generally, a UV detector is coupled with CE but for the analysis of drugs in biological
fluids, it is necessary to use a more sensitive and selective detector such as laser induced fluorescence (LIF). This
detector was used to analyze various amphetamine derivatives which do not present native fluorescence and
therefore a derivatization tag was employed to produce a fluorescent adduct. Fluorescamine, a fluorogene agent,
was selected because it reacts with primary amines of amphetamines to give a fluorescent compound negatively
charged, which can be analyzed by CZE-LIF. Taking into account the presence of many interfering compounds
in biological fluids, analysis of these compounds requires a sample preparation prior to the analysis. Solid phase
extraction (SPE) was selected and the derivatization step included. Analysis of independent plasma samples (n =
6) exhibited a relative standard deviation (RSD) of 8%. A relative recovery of 99% was observed for amphetamine,
used as a model compound.
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1. Introduction

Capillary electrophoresis (CE) is a powerful
separation technique for analysis of a wide
range of compounds in numerous analytical
fields. It has several advantages, namely high
efficiency, rapid method development, sim-
ple instrumentation and both low solvent and
sample consumption. The most widely used
detection technique in CE remains UV-VIS
detection because of its on-capillary config-
uration, simplicity and quasi-universality at
low wavelength. On the other hand, its sen-
sitivity remains the major bottleneck, due to
the small optical path length afforded by the
capillary I.D. (in the µm range). Therefore,
UV detection requires relatively high analyte
concentration which is not compatible with
bioanalytical applications. In fact, many
drugs are present at low concentration lev-
els due to their high distribution volumes.[1]

Appropriate sample preparation procedures
for analyte preconcentration and/or highly
sensitive detectors[2] are mandatory. Other

detection approaches such as mass spec-
trometry (MS) or fluorescence techniques
should be considered. Indeed, the latter is
generally very sensitive, since fluorescence
signals are directly proportional to excitation
power. Laser-induced fluorescence (LIF) is
particularly adapted for CE because lasers
are both easily focused and allow high ef-
ficient excitation.[3] Furthermore, the high
irradiance (I) provided by a laser leads to
better signal-to-noise ratio (S/N), since sig-
nal intensity and noise are proportional to I
and I1/2, respectively. Very low limits of de-
tection (LOD) are provided by LIF detection
with an improvement up to 105 compared to
conventional UV detection[4] and LOD down
to 10−12 M have been reported.[5] To achieve
such sensitivity levels, numerous conditions
should be fulfilled. For non-fluorescent
analytes and fluorophores that cannot be
excited at the available laser wavelength,
a chemical derivatization is required,[6−8]

leading to several drawbacks. For example,
co-migrating interferences may be labeled

*Correspondence: Dr S. Rudaza

Laboratory of Pharmaceutical Analytical Chemistry
School of Pharmaceutical Sciences - EPGL
University of Geneva, University of Lausanne
Bd d’Yvoy 20, 1211 Geneva 4
Tel.: +41/22/379.65.72
Fax: +41/22/379.68.08
E-Mail: serge.rudaz@pharm.unige.ch
aLaboratory of Pharmaceutical Analytical Chemistry
School of Pharmaceutical Sciences
University of Geneva, University of Lausanne
Boulevard d’Yvoy 20,
CH-1211 Geneva 4,
bUniversity of Applied Sciences Western Switzerland
College of Engineering and Architecture of Fribourg
Departement of Industrial Technology
Chemistry Section
Boulevard de Pérolles 80
CH-1700 Fribourg

doi:10.2533/chimia.2008.210



LAUREATES: AWARDS AND HONORS SCS FALL MEETING 2007 211
CHIMIA 2008, 62, No. 4

providing fluorescence properties compa-
rable to those of the analyte which increase
the electropherogram complexity.[9,10] In this
paper, an analytical method for the analysis
of psychostimulants in plasma by CZE af-
ter derivatization on solid phase extraction
support was developed. This approach was
applied to the analysis of amphetamine
and derivatives.

2. Materials and Methods

2.1. Chemicals
Amphetamines and analogues were ob-

tained from Lipomed AG (Switzerland).
Derivative agents were provided by Mo-
lecular Probes (Oregon, USA) for CBQCA,
Fluka (Buchs, Switzerland) for potassium
cyanide, naphthalene-2,3-dicarboxalde-
hyde (NDA), fluorescamine and N,N-di-
methylaminoethanthiol. Ultrapure water
was supplied by a Milli-Q RG purification
unit from Millipore (Bedford, MA, USA).
N,N-dimethylformamide, formamide, ac-
etonitrile, phosphoric acid, anhydride sul-
phate cupper, zinc sulphate, trichloroacetic
acid, were provided by Fluka (Buchs, CH).
Tris (Trizma® base) was obtained from Rie-
del-de-Haën (Buchs, Switzerland). Metha-
nol was obtained from Panreac (Spain).
Ethanol was provided by Fisher Scientific
(Leicestershire, UK) and boric acid, acetic
acid and sodium hydroxide by Acros Or-
ganics (New Jersey, USA). Perchloric acid
was obtained from Merck (Darmstadt, Ger-
many). Blank plasma was obtained from
the Blood Center of the Geneva Hospitals
(Geneva, Switzerland).

2.2. Background Electrolyte (BGE)
and Sample Preparation

The BGE consisted of a 25 mM (ionic
strength) borate buffer at pH 8.5. The pH
value was measured with a SevenMulti pH
meter (Mettler-Toledo, Schwerzenbach,
Switzerland), calibrated daily with four
aqueous solutions at pH 2.00, 4.00, 7.00
and 10.00 from Riedel-de-Haën (Buchs,
Switzerland). Stock standard solutions of
analytes were prepared by dissolving ana-
lytes in MeOH to obtain a concentration of
1 mg·ml−1. These stock standard solutions
were stored at 4 °C until use. Standard solu-
tions of analytes at the desired concentra-
tions were prepared daily by diluting stock
solutions in water. Sample solutions were
stable for more than two days at 4 °C and no
degradation occurred for the tested analytes
during analysis.

2.3. Plasma Sample
Plasma were obtained from blood sam-

ples by centrifugation and stored at −20
°C. Plasma samples containing different
amounts of amphetamine analogues and
internal standard (I.S.) were prepared by

spiking the plasma with a known amount
of racemic amphetamine analogues and
I.S. before the protein precipitation (PP).
For this purpose, 200 µl of ACN was added
to 100 µl of spiked plasma. After vortex-
mixing for 30 s, the sample was centrifuged
for 5 min at 3100 g. 200 µl of the superna-
tant was transferred for derivatization (see
Section 2.4).

2.4. Derivatization Procedure
For liquid derivatization, 70 µl of am-

phetamines solution, 60 µl of fluorescamine
solution at 1000 ppm and 200 µl of borate
buffer at 25 mM, pH 9.2 was added to 840
µl of buffer. The mixture was stirred, let at
room temperature for 5 min and injected.

For SPE derivatization, an Oasis® HLB
column (Waters, Millford, USA) was em-
ployed. 200 µl of the supernatant dilut-
ed with 800 µl of borate buffer solution
25 mM at pH 8.5 (1:4 v/v), was loaded on
the extraction support. The support was
washed with 750 µl of borate buffer. 300
µl of 1000 ppm fluorescamine was perco-
lated throughout the cartridge. Finally, 300
µl of MeOH was used for the elution and
the solution directly injected as indicated in
Section 2.5.1.

2.5. Instrumentation
2.5.1. Capillary Electrophoresis

CE experiments were performed with
an HP 3DCE system (Agilent, Waldbronn,
Germany) equipped with on-capillary di-
ode array detector, autosampler and power
supply able to deliver up to 30 kV. Separa-
tion was performed in an uncoated fused
silica (FS) capillary (BGB Analytik AG,
Böckten, Switzerland) with a 50 µm I.D.,
total length of 47 cm and effective length
of 33.5 cm for LIF detection. Experiments
were carried out in positive polarity mode,
with the anode at the inlet and the cathode
at the outlet. A constant voltage of 30 kV,
with an initial ramping of 1000 V·s−1 (30
s), was applied during analysis, and the
capillary temperature was maintained at
30 °C. Samples were kept at ambient tem-
perature in the autosampler and injected
in hydrodynamic mode at 40 mbar for 10
s (equivalent to 2.2% of capillary length).
Before its first use, the capillary was se-
quentially rinsed with MeOH, NaOH (0.1
M), water and fresh BGE for 5 min each.
Prior to each sample injection, the cap-
illary was rinsed at 2 bar for 1 min with
fresh BGE. After each run, the capillary
was rinsed at 1 bar with NaOH (0.1 M)
and fresh BGE for 1 min. A voltage of 30
kV was applied for 1 min to refresh the
capillary wall and obtain repeatable elec-
troosmotic flow.[11] When not in use, the
capillary was rinsed with water and then
dry stored. As the electrophoretic process
alters the running buffer pH by electroly-
sis and subsequently changes migration

times, the separation buffer was refreshed
every four runs.

2.5.2. Laser Induced Fluorescence
LIF detection was performed with a

ZetaLIF Evolution system (Picometrics,
Ramonville, France) hyphenated to the
CE system. A diode laser providing fluo-
rescence excitation at 410 nm was selected
and coupled to the detector with an optical
fiber. The laser produced 15 mW of average
power operated in continuous wave mode.
A photomultiplier detector was used to
measure fluorescence intensity.

2.5.3. Software
Buffer and BGE solutions were pre-

pared with the help of PHoEBuS software
version 1.3 (Analis, Namur, Belgium). CE
ChemStation (Agilent, Waldbronn, Ger-
many) was used for CE instrument control
and Azur version 4.0 (Datalys, Saint Martin
d’Hères, France) was used for data acquisi-
tion, data handling and analytical parameter
calculation (efficiency, S/N).

3. Results and Discussion

3.1. Choice of Analytes
Amphetamine and its analogues are

drugs widely consumed in Europe in
‘rave parties’ or as doping agents in sport.
These compounds have a potent central
nervous system stimulating effect. Numer-
ous amphetamine analogues could be used
including amphetamine (AMP), meth-
ylenedioxyamphetamine (MDA), 4-meth-
ylthioamphetamine (MTA), 3,4-methylene-
dioxyphenylbutanamine (BDB), mescaline
(3CH) and 4-bromo-2,5-dimethoxyphenyl-
ethylamine (2CB). Chemical structures are
reported in Fig.1.

A large number of studies has been
published on amphetamine and its deriva-
tives, with LC-UV or GC-FID as analytical
methods and detection limits (LOD) around
10−6−10−8 M were reported. As indicated
elsewhere, the use of LIF detection could re-
duce the LOD to around 10−12−10−16 M.[12]

This could be of utmost interest when dealing
with biological fluids such as plasma where
psychostimulants are widely distributed in
the body and consequently present at low
concentrations. For these chemical structures
which do not possess a strong fluorophore, a
derivatization procedure should be achieved
with a suitable fluorescent tag, matching the
laser excitation wavelength.

3.2. Derivatization Conditions and
Sample Preparation

In order to employ capillary zone elec-
trophoresis (CZE), the presence of a charge
on the final complex is mandatory. This
technique limits many problems such as
fluorescence quenching by the presence
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of surfactant agent or bubble formation in
the capillary when micellar electrokinetic
chromatography (MECK) is employed for
separating neutral compounds. Therefore,
several derivatization fluorescent tags, pro-
ducing compounds at 410 nm and contain-
ing an ionizable function were studied (Fig.
2).

As example, NDA which provides
high complex stability and good sensi-
tivity at 442 nm, especially for primary
amines, could not be used as a fluorescent
probe. The reaction with amphetamines
performed in the dark and in presence of
CN– (which acts as a nucleophilic agent),
formed neutral complexes which cannot
be separated by CZE. The addition of N,N-
dimethylaminoethanthiol (MAET) during
the reaction (Fig. 2, reaction 1) to obtain
compounds which can be protonated in
acidic media was tested without success.
In fact, isoindole compounds were prob-
ably instable and no fluorescence was ob-
served.[13−17] Another procedure following
the same methodology was used for the
derivatization. The use of a nucleophilic
probe, CBQCA was considered (Fig. 2,
reaction 2). This reaction, well known in
organic synthesis, is not often used in ana-
lytical chemistry.[18−20] CBQCA is a probe
quite similar to NDA but gives derivatized
compounds that can be negatively charged
at appropriate pH thanks to the presence
of a carboxylic function. With this probe, a
low fluorescence signal was observed, at-
tributed to a non-optimal excitation wave-
length. In fact, for this tag a 480 nm laser
would have been more appropriate. Fur-
thermore, this tag was not considered for
economical reasons.

Finally, the last probe used for derivati-
zation of non-fluorescent amphetamine an-
alogues was fluorescamine (Fluram).[21,22]

This probe reacted with primary amines,
giving compounds fluorescent at 410 nm
(see Fig. 2, reaction 3). Thanks to a struc-
tural rearrangement, a carboxylate function
was induced. This function allowed the mi-
gration of the derivatized amphetamines as
anions using a BGE at relatively high pH
(borate buffer, pH 8.5). The derivatization
product was found stable for more than 90
min with a reaction time of about 5 min,
which was particularly interesting com-
pared to CBQCA where the reaction took
90−120 min. The derivatization method
with Fluram was optimised on amphet-
amine analogues in aqueous sample spiked
at 10 ppm. As presented in Fig. 3, all com-
pounds of interest were found to be detected
by CE-LIF.

In order to adapt this derivatization
procedure to plasma, a protein precipita-
tion (PP) was carried out to eliminate po-
tential endogenous interfering compounds.
Plasma samples were spiked at 1 ppm with
amphetamine analogues and different PP

2CB

NH2

O

Br

O

MDA

NH2

O

O

3CH

NH2

O

O

O

MTA

NH2

S

BDB

NH2

O

O

AMP

NH2

Fig. 1. Chemical
structures of tested
amphetamine deriva-
tives. Amphetamine
(AMP), methylene-
dioxyamphetamine
(MDA), 4-methylthio-
amphetamine (MTA),
3,4-methylenedioxy-
phenylbutanamine
(BDB), mescaline
(3CH) and 4-bromo-
2,5-dimethoxyphenyl-
ethylamine (2CB)

COOH

+ R-NH2
CN-

CBQCA

N

O

COOH

CHO
N

N

R

CN

Borate buffer

FI 25 mM pH 9.2

2

Fluorescamine

+ R-NH2

O

O

O

O

R-N

COOH
O

OH
Borate Buffer

FI 25 mM

pH 8.5

3

1

N

+

CHO

CHO

R - NH
2

HS-(CH
2
)
2
-N(CH

3
)
2

(MAET)

Borate Buffer
FI 25 mM pH 9.2

NDA

+ 2 H
2
ON

S

+ R - NH
2

- ) N )

NDA

+ 2 HO

Fig. 2. Tested reactions for amphetamine derivation. For experimental conditions, see text.

75

175

275

375

475

575

675

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Temps [min]

R
F
U

MDA

AMP

BDB

3CH

2CB

MTA

Fig. 3. Electropherograms of amphetamine derivatives at 10 ppm separated by CZE-LIF; Capillary:
tot. length 47.0 cm, eff. length 33.5 cm, I.D. 50 µm; temperature: 25 °C; BGE: FI 25 mM borate buffer
pH 8.5; hydrodynamic injection 10 s 40 mbar, 2.2 %. eff. vol.; voltage: 30 kV, ramp 30 s; detection:
LIF 410 nm, 15 mW, rt 0.5 s, PMT 570 V



LAUREATES: AWARDS AND HONORS SCS FALL MEETING 2007 213
CHIMIA 2008, 62, No. 4

procedures tested. The nature of precipi-
tation agent and various ratio of plasma/
precipitation agent were evaluated. Ac-
etonitrile (ACN), 20% trichloroacetic ac-
id (TCA), 5% perchloric acid (PA), zinc
sulphate (ZnSO4) and copper sulphate
(CuSO4) in 1:1, 2:1 and 4:1, (v/v) ratios
were employed. The derivatization with
Fluram was tested on each supernatant
and the method selectivity assessed by
visual inspection of the obtained electro-
pherograms. Three reagents were found
to provide satisfactory results for PP: PA,
TCA and ACN. The latter was estimated
to give the cleanest supernatant and the
derivatization with Fluram on precipitated
plasma samples gave similar performance
to aqueous standard.

The next step was to transfer the deriva-
tization procedure to solid phase extraction
support. For this purpose, the affinity of
amphetamine compounds was tested on dif-
ferent solid phase chemistries mainly based
on hydrophobic interactions (HLB, C18). It
should be emphasized that both supports re-
tained all the tested analytes following the
basic manufacturer’s recommendations.
Oasis HLB, a hydrophile-lipophile bal-
anced copolymer, was finally selected on
recovery based results (data not shown). As
PP with ACN involved the final presence of
an important volume of organic solvent in
the sample to be deposited on the cartridge,
it was necessary to dilute the sample before
SPE to avoid analytes loss during the load-
ing step. A five-fold dilution was achieved

with the separation buffer (pH 8.5) to in-
crease the hydrophobic retention of the
cationic analytes. The Fluram solution was
then percolated to derivatize the deposited
analyte directly on the solid surface. Pure
MeOH completely eluted the compounds
and was directly injected in the CE-LIF sys-
tem. Fig. 4 shows the optimized procedure
of sample preparation and SPE derivatiza-
tion mode.[23,24]

3.3. Application to Biological
Samples

Amphetamine (AMP) was finally se-
lected as a model analyte with mescaline
(3CH) as internal standard (I.S.) to evaluate
the quantitative performance of the analyti-
cal procedure. As presented in Fig. 5, analy-
sis of spiked plasma sample with both com-
pounds was performed including sample
preparation (PP) and derivatization proce-
dure on SPE. The presence of endogenous
components migrating between 3CH and
AMP was observed without any interfering
effect. The detection limit of amphetamine
in plasma (LOD), expressed as the signal
to noise ratio (S/N) of 3, was found to be
at 100 ng/ml . Quantification limit (LOQ)
was estimated at 500 ng/ml (S/N >10). Rel-
ative standard deviation (RSD) values on
peak areas of plasma samples spiked with
500 ng/ml of amphetamine analogues were
lower than 10% (8.0%; n = 6). The mean
recovery at 500 ng/ml was excellent, with
a process efficiency of 99% (n = 6). These
values reflect the entire process of the meth-
od developed: yield of reaction, derivatiza-
tion on SPE, precipitation of proteins and
analysis.

4. Conclusion

A CZE-LIF method for analyzing am-
phetamine compounds in plasma samples
after derivatization on solid phase extrac-
tion support was developed. LIF detection
is very sensitive and thus allows detection of
very low concentrations of amphetamines,
widely distributed in the body. Because am-
phetamines are not fluorescent, a derivati-
zation procedure was developed. Fluores-
camine was chosen as derivative agent for
several reasons, among them, complexes
presented an ionizable function, compatible
with a CZE separation. The analysis of these
compounds in body fluids involved a sam-
ple preparation prior to analysis in order to
increase method selectivity and sensitivity.
Spiked plasma samples were extracted on
solid support (SPE) and analytes of inter-
est derivatized on the cartridge. The com-
pounds were separated by CZE and finally
detected by LIF at 410 nm. The quantitative
performance of the CE-LIF 410 method de-
veloped in this work was evaluated in terms
of selectivity, recovery, precision (repeat-
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ability), limit of detection (LOD) and limit
of quantitation (LOQ).
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